Tuberculosis is one of the major causes of illnesses and deaths throughout world particularly in Asia. Smoking is linked with tuberculosis recurrence and its mortality and may influence bacteriological conversion, clinical symptoms and treatment outcome. The aim of current study was to estimate association among essential trace elements {zinc (Zn), iron (Fe) and copper (Cu)} in human biological samples particularly blood, serum, scalp hair, saliva, sputum, and nasal fluid of smoking and nonsmoking pulmonary tuberculosis patients (n = 165, age ranged 16-35 years) residents of Hyderabad, Pakistan. The biological samples of age matched healthy controls were chosen as referents of both genders (n = 171) for the comparison purpose. The human biological samples were wet digested in microwave oven by 65 % HNO 3 and 30 % H 2 O 2 with (2:1) ratio. The concentrations of elements in acid digested samples were determined by atomic absorption spectrometry. The average zinc and iron concentration was lower, while level of copper was higher in the biological samples of pulmonary Tuberculosis patients as compared to referent subjects (p < .001). It was also concluded as a result of Zn and Fe deficiency combined with high contact of copper due to smoking of tobacco can be synergistic with the risk factors related with pulmonary tuberculosis.
Introduction
One hundred thirty seven years ago, Robert Koch identified Tuberculosis (TB). Because poor sanitary conditions in under developed countries complicated with poverty and mal-nutrition and lack of proper diagnosis over 1.5 million people die due TB annually [1] . Annually, almost 9.5 million of TB new events take place globally [1] . It is estimated that about 9.5 million new events of TB may occur globally and according to world TB statistics data, about one-third of the cases are not reported due to improper diagnosis. Nearly 80 % of TB incidence took place in 22 countries out of these some are not yet diagnosed [1] . Six countries had the largest number of occurrence cases in 2014 [1] . During that year one-quarter of world TB cases were reported from India and about one million TB cases were not reported [1] . Internationally, TB ranks as the leading cause of morbidity and mortality [1] . Incidences of TB are increasing globally and in developing countries this disease is regarded as the main reason of adult mortalities. For example 1.7 million people died along with 9.2 million new incidences of TB were reported globally during 2006 [1] . Pulmonary TB caused by Mycobacterium tuberculosis. It is a chronic contagious disease. This disease may be recognized by protracted cough, shortness of breath pain in chest, hemoptysis, along with other symptoms of the disease include anorexia, fever, evening high temperatures followed by night sweats, depression, weight loss and weakness [1] . Pulmonary TB commonly found in poor people affected by malnutrition and their nutritional status with reference to trace elements is still poorly documented [2, 3] . The TB is generally provoked by varied damage of Mycobacterium frequently Mycobacterium TB. It usually attacks the lungs, but can also influence other body organs [4] (Garner et al., 2007) .
Majority of the infections are asymptomatic (latent TB) and onetenth of latent TB disease, at the end more than 50 % deaths occurred due to active disease, if not cured [4] . Symptoms of active TB include chronic cough with cracked sputum, fever, weight loss and night sweats. Injury to other parts of the body causes a wide range of symptoms [5] . The relationship between TB and scarcity is well renowned, the maximum rates of TB were found in the poor income community [6] . TB is usually found in poor people living in middle income areas [7] . Scarcity may result in poor nutrition which can alter the immune function. On the Contrary, risk of transmission of TB is more likely to be in congested living conditions, poor exposure to air, and poor hygiene-habits [8] . As compared to women, men are frequently affected. In most of the countries the case declaration is higher in males as compared to females. For example during 2004, 1,400,000 men were reported as against 775,000 women as TB patients [9] , which makes global male to female TB ratio 0.47:0.67 globally [10] . The reason for such gender differentiation is unclear. Perhaps due to dissimilarity in the occurrence of disease, time of succession from infection to disease, the dissimilarity in access to services.
Pulmonary TB and smoking are strongly connected to each other. Pakistan has not only high TB number of TB cases (fifth) but also high level of multidrug-resistant TB [MDRTB] (fourth) in the world. Malnutrition is observed mainly in infected TB patients in under-developed nations. TB is positively associate with gender and age, life style particularly use of alcohol, smoking habits and malnutrition specially the body mass index which are considered as major risk factors [11] . The relationship of smoking with TB is a main dilemma which raise the intensity of disease and latent TB is converted into an active TB [12] .
It was declared that the public is considerably contaminated with Mycobacterium tuberculosis approximately > 30 % in the globe. The TB is major cause of death; nevertheless, smoking enhances the chances to develop TB; therefore, it enhance casualty by up to 12 % globally [13] . According to worldwide yearly death menace factors, tobacco smokers are major facts. About 90 % of death took place owing to lung cancer due to smoking [14, 15] . Many studies have been reported the utmost relationship of TB with smokers with comparison to nonsmokers [16] [17] [18] . However, smoking is considered as a major resource of trace and toxic elements particularly, copper (Cu), nickel (Ni) and cadmium (Cd) which are being regarded as the main cause of cigarette smokeinspired illnesses [19, 20] . A study showed that smoking habit has serious withdrawal symptoms such as strong need to smoke, becoming uncomfortable or futile endeavors to quit this habit may emerge in youth [21] .
Trace elements including iron (Fe), copper (Cu), and zinc (Zn) have significant role in many biological systems [22, 23] .These elements play a vital role in the protection and development of human tissues and organs [24] . Furthermore, these elements are considered as possible key aspects in various contagious infections. Various facts stated that a few transition elements facilitate immune system inhibit microorganisms such as Mycobacterium TB [25, 26] . The ingestion of toxic elements may lead to pulmonary TB, myocardial infarctions and atherosclerosis related disorders by rising oxidative stress caused by deficiency of an antioxidant element Zinc [27] . Due to the lack of essential nutrients particularly the elements, and homeostatic management or an additional ingestion of various toxic metals may cause chronic illnesses such as hypertension, TB, and cardiovascular disease [28] .
As zinc (Zn) is an essential trace metal because it is an important part of biological membranes integrity and is required in many enzymes [29] . Zinc is involved in numerous aspects of cellular metabolism [30] . It is an essential component of some important enzymatic systems. In the human body there may exist over 200 enzymatic systems which are depending on Zn, through which it is realized the elimination of the carbon dioxide carried by red blood cells, the oxidation-reduction processes, the synthesis of the proteins, etc [31] . Cellular immune system uses Zn for bactericidal activity particularly the destruction of Escherichia coli, Tubercle bacilli, etc [32, 33] . Protein syntheses processes of many bacteria including M. tuberculosis are regulated by essential metals due to presence of contain metal-responsive DNA-binding sites known as transcriptional repressors [34] . Zn can hold to stabilize biological macromolecules due to its antioxidant-like properties [35] . In biological systems, DNA controls the protein synthesis. Bacterial DNA molecules, particularly in M. tuberculosis have sites for binding of Zinc and Zinc-bound DNA cannot synthesize the needed proteins for proper functioning. This results in death of bacteria. Host cell become immune by utilizing zinc which in turn kill the TB bacteria and Escherichia coli bacteria [35] .
Iron being fundamental element for growth of almost all body systems, is found in body in variety of complex binding proteins, such as transferrin, lactoferrin, and ferritin [36] . Furthermore it is also important for both parasite and host cells strength hence pathogens are focused by high similarity up taking processes [37] . Iron is a crucial element for all organisms because it functions as an essential key-factor for metabolic routes and enzyme function. Cells control iron reactivity, availability, and instability to stop free radical damage to proteins, ribonucleic acids, and cell membranes. Iron is necessary and iron insufficiency significantly damage cell proliferation and immune function [38] . Iron is mandatory for the growth of TB in macrophages, and excessive iron consumption is associated with an increase in active TB and its mortality [39] [40] [41] . Iron function in pathology, growth and metabolism of TB depends on obtaining iron from the host's resources. As a result, iron deficiency anemia is commonly observed among TB patients [42] .
Copper is a vital food ingredient that has a variety of physiological procedures in the human body. Copper is essential for infant growth, host defense mechanisms, bone strengthening, mature red blood cells, white blood cells, iron transport, cholesterol, glucose metabolism, and myocardial infarction [43, 44] . Different types of drugs have structures that indicate they are clotting factors and may therefore affect copper metabolism [45] . Copper is involved in the framework of various enzymes that function in redox reactions, such as cytochrome oxidase, lysyl oxidase, superoxide dismutase, ceruloplasmin, and metallothioneins [46] . While copper has various biological advantages, its excess is lethal, and might slow down M. Tuberculosis development [47] .
To keep in view of these facts, it is necessary to analyze the essential trace and toxic elemental concentrations in the biological samples of T1DM children, and to monitor their impact on the human metabolism. In many cases, whole blood, serum, plasma, and urine were analyzed [47] . The atomic absorption spectrometry (AAS) is mostly used for the clinical assay due to their specificity, sensitivity, precision, simplicity, and relatively low cost per analysis [48] . Hair analysis has many advantages as compared to serum, blood or other body fluids such as it is easily collected, stable on storage and has a higher concentration of elements, but many individuals and external factors can influence element levels [49, 50] .
The present study examines Fe, Zn and Cu burden in biological samples, such as blood, serum, saliva, nasal fluid, sputum, scalp hairs of newly diagnosed TB patients (male and female). The other biochemical and clinical parameters were also estimated. These three elements were also determined simultaneously in the samples of healthy volunteers of the same age and gender for comparatives assessment.
Material and methods

Recruitment
Prior permission of ethical review committee of Sindh University was sought so as to initiate the research study.
Apparatus
A Milestone microwave oven (Rotar MPR-300/12S, pressure 35 bar, with maximum temperature 300°C) was used. Elemental analysis was performed on a Hitachi (Tokyo) Model 180-50, S.N.5721-2 atomic absorption (AA) spectrophotometer equipped with a flame burner, graphite furnace GA-3, and a deuterium lamp background corrector. Hollow-cathode lamps (Mitorika Company) were used. Operational parameters, including lamp currents and wavelength, were those, recommended by the manufacturer. The spectrophotometer output was connected to a Hitachi recorder (model 056) with a range of 5 mV. The P. Nizamani, et al.
Toxicology Reports 6 (2019 Reports 6 ( ) 1230 Reports 6 ( -1239 signals measured were the heights of the absorbance peaks for the flame absorption mode, and integrated absorbance values (peak area) were used for the graphite furnace. The instrumental conditions are reported in Tables 1a-1c. The Cu, Fe and Zn in scalp hair, blood and serum samples were measured under optimised operating conditions using flame atomic absorption spectrometry (FAAS) mode with an air-acetylene flame, whlist in the saliva, sputum and nasal fluids these samples were determined through electrothermal atomic absorption spectrometry (ETAAS) mode. Signals were measured as absorbance peaks in the flame absorption mode, whereas integrated absorbance values (peak area) were determined in the graphite furnace. The collected samples were heated/ digested by means of domestic microwave oven model Pel (PMO23) which has the heating power of 900 W. Acid washed polytetrafluroethylene (PTFE) vessels/ flasks were utilized for preparation and storage of prepared solutions. Reagents blanks and complex working standard were run in parallel and corrections were made as required.
Reagents and glassware
Ultra pure water was obtained through MiliQ purification system of Millipore Corp (Bedford, USA). Analytical reagent grade chemical were used. H 2 O 2 (30 %), HNO 3 (65 %) as well as other necessary chemicals were procured from E. Merck (Germany). Metal contamination of all the chemicals was tested prior to use. certified standard solution (1000 ppm) of Cu, Fe and Zn were got from Fluka Kamica (Buchs, Switzerland). Working standard solutions were organized through serial dilution of stock solution with HNO 3 (0.2 mol L −1 ). All the solutions were kept in polyethylene bottles and stored at 4°C. To get sensitivity and selectivity of the method, certified reference materials (CRMs) of human hair BCR 397 (Brussels, Belgium), Clinchek®, Control lypholized human serum and blood Recipe (Germany Munich) were collected. For washing and rinsing apparatus and plastic materials, which were already dipped in (2 mol L −1 ) HNO 3 for twenty-four hours, ultrapure and distilled water was used.
Study design and pretreatment
The data of study population (165 smokers and non smoker pulmonary TB patients of both genders), admitted in Chest Diseases Institute Kotri, Department of Health, Government of Sindh, Pakistan, age ranged as 16-35 years, during 2016-2017, was acquired by collecting and extracting important information. It was a communitybased case control study. The study population included adults between the ages of 16-35 years of age residing in lower Sindh, a low-socio economic, pre-urban settlement in Hyderabad. The contributors were tempted to take part and provide the samples. They responded to interview-administered questionnaire covering socio-demographics, lifestyles, dietary habits, and residential and work history. Based on questionnaire, we selected 336 volunteers (aged 16-35, 185 (55 %) male and 151 (45 %) women). Two groups were formed: TB patients and healthy subjects. The referents and TB patients were further divided into two categories, based on their smoking habits. Out of 171 referents (93 male and 78 females), 92 (49 male and 43 females) were nonsmokers and 79 (44 male and 35 females) were smokers. Whilst in 165 TB patients, 84 (45 male and 39 females) were nonsmokers and 81 (47 male and 34 females) were smokers ( Table 2 ). All the TB samples were collected from definitely newly diagnosed pulmonary TB cases attending Institute of Chest Diseases Kotri, Department of Health, Government of Sindh, Pakistan. Pulmonary TB patients had bacteriological tests and clinical examinations. The patients signed an informed written approval. All patients had gone through clinical examinations and bacteriological tests. The informed written approval was signed by the patients. The important biochemical tests are given in Table 3 .
Inclusion criteria for the healthy subjects or non-tuberculosis controls was be: (1) fever, nonexistence of cough, or evidence of pulmonary disease at the time of enrollment; and (2) no earlier diagnosis of TB disease and no known or suspected domestic contact with pulmonary TB in the past 2 years. Healthy individuals were selected using probability sampling. For the section of 171 health subjects, a prior medical checkup of all of the subjects was conducted by a qualified physician.
The selection of TB patients was supported by the following criteria: age 16-35 years; sputum specimen positive for acid-fast bacilli by microscopy and clinical and radiographic abnormalities consistent with pulmonary TB. The enclosure criteria included age > 16 years, renowned case of smear-positive pulmonary TB, < 1 week of anti-TB therapy, conformity to receive anti-TB therapy in Tbilisi, completion of the seventy-two hour summon up instrument at baseline (week 1) and the serial twenty-two hour recalls during two week, and a signed informed approval. Exclusion criteria included the following: Re-treatment TB patients, Patients with extra pulmonary TB or with multi-drug resistant TB, the women who had given birth within the last 6 months of study entry. Those TB patients, who had clinical signs of liver disease, renal failure, HIV positive, cancer, diabetes, hypertension or any other cardiovascular disease; those TB patients, who had used corticosteroids or any supplements containing vitamin A, zinc or iron during previous month prior to treatment. We also excluded those patients who had other chest ailments such as chronic obstructive pulmonary disease (COPD), pneumonia, asthma, and other chest diseases.
Ethical consideration
Ethical approval for the collection of sample was obtained from the Chest Institute, Kotri, Ministry of Health, Sindh. Declaration of Helsinki code was followed strictly for obtaining the written consent after seeking complete information healthy volunteers and tuberculosis patients or their parents or legal guardian. Confidential identifiers were used to code participant identities. The result and any information regarding patient was kept confidential during and after the completion of the research project by password, protected electronics and locking hard copy files.
2.6. Sample collection 2.6.1. Blood and sera sample collection Venous blood was drawn aseptically from each case and control by the registered study male nurse. The puncture site was cleaned with trace-element free alcohol to avoid contamination and infection. For trace elemental analysis the blood samples were collected in designed plastic blood collection tubes (BD Vacutainer Trace Element tube with potassium-EDTA, BD, Oxford, UK). Five milliliter of venous blood was drawn after overnight fasting from all proven patients before and after treatment. The blood samples were protected from light with aluminum foil during transport and processing, and were allowed to clot at room temperature for about one hour. For separating sera, samples were centrifuged at 3000 rpm (3000 g) for 15 min at room temperature so as to separate blood cells from serum. Hemolytic sera were discarded. The sera was transferred to polyethylene tubes and kept in freezer at −20°C till the elemental analysis.
Saliva sample collection
5 ml mixed un-stimulated saliva was collected in polypropylene vials by direct collection. The spit collection method was employed for saliva collection; patients and control were told to accumulate saliva in the oral cavity and then spit it into a pre-labeled vial.
Sputum sample collection
All cases and controls were mandatory to present the study male nurse for the collection of sputum sample, which was collected and transported to National centre of Excellence in Analytical Chemistry (NCEAC), Jamshoro for analysis. Spontaneously expectorated sputum samples were collected from the subjects. Induced sputum was collected from healthy control subjects following inhalation of nebulised 4.5 % hypertonic saline.
Nasal fluid sample collection
Nasal fluid was collected by the use of a small spoon of plastic, about 10 mm x 5 mm x 2 mm and placed as soon as possible in a micro centrifuge tube with a lid of 1.5 ml volume or less, which is kept closed. Minimum volume of sample was 0.25 ml.
Scalp hair sample collection
Around 0.5 g of three hundred thirty six scalp hair samples was collected from each smoker and non-smoker referents and patient with TB disease. All hair samples was collected from the back of the head using stainless steel scissors and stored in metal free containers. The control hair samples were gathered from apparently healthy volunteers (in particular did not have TB or any other lung disease). Their ages were selected to be in the same range of the target group. Among 0.5-2.0 cm segments of hair was collected from the nape of neck (midpoint between the shoulders) as close to the scalp as possible using stainless steel scissors, cleaned after each use with deionized or double distilled water. For each participant separate plastic envelopes were used to put scalp hair samples, which were sealed tightly and given an identification number of the participant and questionnaire.
Microwave-assisted acid digestion method
All the samples were prepared in duplicate. Six replicate samples of certified reference materials of blood and serum were also prepared. 200 mg of scalp hair and 0.2 ml of each sample of whole blood, serum, saliva, nasal fluid, and sputum was used. The samples were prepared by adding 1 ml freshly prepared mixture of concentrated HNO 3 -H 2 O 2 (2:1, v/v) to each PTFE flask. The flasks were then heated for 2-3 min to carry out digestion. Next the flasks were allowed to cool at ambient temperature, and volume was made up to 10.0 ml with distilled water. The same procedure was followed for preparation of Blank solution. Finally, Cu, Fe and Zn concentrations in standards samples were analyzed by FAAS. The Cu, Fe and Zn in scalp hair, blood and serum samples of referents and TB patients were measured through FAAS mode, whilst in the saliva, sputum and nasal fluids of referents and TB patients were determined by ETAAS mode.
Data analysis
The validity and efficiency of the microwave-assisted digestion method was checked with those obtained from the certified reference elements. No significant difference was observed between the metal obtained by microwave-assisted digestion and those obtained from the certified reference materials tabulated values. The percent recovery was calculated by the mean values obtained for each metals in the certified reference materials by microwave-assisted digestion (MDM), divided by tabulated values of each metals in the certified reference materials, and multiplied by 100 ( Table 4 ). The reliability of method was found to be best in accord with certified values of Cu, Fe and Zn, 98.7 and 99.7 % recovery respectively ( Table 4 ). The sample digestion procedure required less than 5 min to process the samples completely. Mean values of both elements varied little (< 1-2 %) from the standard values and relative standard deviation (RSD) < 2 %.
Statistical analysis
The resulted data of patients and controls were interpreted different statistical programs such as Excel ((Microsoft Corp., Redmond, WA) and Minitab 13.2 (Minitab Inc., State College, PA). The resulted data of three essential elements in biological samples are mentioned with confidence interval (CI). The CI might be provided some useful information on the clinical importance of results and, like p-values, may also be used to assess 'statistical significance difference. Differences were significant when the P-value was < 0.05. Pearson's correlation was used to link the difference in concentration of elements in patients Where Y is the integrated absorbance, r is the regression and the concentration range of Cu, Fe and Zn for calibration curve reached from the detection limits up to 100 μg/L. The limit of detection, equal to 0.005 ng/mg, 0.001 ng/mg, and 0.005 ng/mg for Cu, Fe, and Zn, respectively, was defined as 3 s/m, "s" being the standard deviation corresponding to ten blank injections and 'm' the slope of the calibration graph. The quantification limits, defined as 10 s/m were calculated as: 0.0013, 0.003, and 0.014 ng/mg for Cu, Fe, and Zn, respectively.
Results
The mean concentrations with standard deviations for both elements (Cadmium and Zinc) in biological (scalp hair, blood, serum, sputum, saliva and nasal fluid) samples are shown in Table 5 . The results indicate that the concentrations of essential trace and toxic elements were altered in biological samples (blood, serum, saliva, and nasal fluid)of smoker and nonsmoker TB patients of both genders.
The Zn contents in scalp hair, blood, serum, sputum, saliva and nasal fluid samples of male nonsmoker and smoker TB patients was found to be lower at 95 An increase in Cu and decrease of Fe and Zn concentrations were observed in the biological samples of pulmonary TB patients of both genders. Moreover, a decrease of Zn/Cu and Fe/ Cu mole ratios in biological samples of smoker and nonsmoker TB patients than healthy subjects was also seen ( Table 6 ). 
Discussion
Although many studies have been reported related to trace metals levels in TB patients throughout the world, there is paucity such information in Pakistan. This study is aimed to estimate the essential trace elemental levels, Cu, Fe and Zn, in biological samples of TB patients and controls with smoking and nonsmoking habits in rural areas of Sindh, Pakistan, where malnutrition is common.
Low Zn level reported in TB patients is in concert with reports from Ethiopia, Iran, Italy, Nigeria, Turkey, Indonesia and India respectively [51] [52] [53] [54] [55] . The low plasma Zn in TB patients compared with control was probably due to redeployment of Zn from blood circulation to other tissues, reduction in hepatic production of a2-macroglobulin (a Zn carrier protein) or a increase in the manufacture of metallothionein, which is a protein that helps in transportation of Zn to the liver [56] [57] [58] .
The Zn is involved in antioxidant defense through antioxidant metalloenzyme copper-Zn superoxide dismutase. Particularly, Zn is attached to the oxidative and reductive active sites and avoids the bonds of more damaging metals. Zn also control metallothioneins, which functions in free radical hunt and inflammatory processes [59] . Zinc is necessary for humoral and cellular immunity, and affects the function of adaptive and immune cells [60] [61] [62] .
The Zn insufficiencies can enhance vulnerability to TB infection and leave individuals susceptible to oxidative stress. Although recent methodological research has suggested that Zn plasma concentrations can be enhanced by supplements during the early stages of treatment, no fixed benefit of supplementation has been demonstrated on outcomes of TB treatment and / or nutritional recovery [63] . Future research is needed to determine the impact of these trace elements on clinical outcomes and also to determine whether the routine management of supplements leads to better TB outcome and / or improved quality of life.
In our study, Zinc was decreased in all TB patients as compared to referents. In case of other lung diseases total elemental zinc levels are exalted in sputum from subjects with CF and non-CF bronchiectasis compared with control subjects. There is a small degree of overlap between cystic fibrosis and control groups, but this can be explained by the discovering that the patients with cystic fibrosis in this small subgroup have a better lung function and thus less severe lung disease (data not shown). Zinc sputum levels were also higher in CF and non-CF bronchiectasis than in chronic obstructive pulmonary disease. Low levels of zinc sputum significantly over the course of worsening cystic fibrosis. Zinc is strongly associated with calprotectin in TV sputum as well as with other inflammatory markers, such as IL-8 and MPO.
Zinc homeostasis may play an important role in modulating the immune response to inflammation, with high concentrations of zinc inducing peripheral blood monocyte apoptosis 26 and promoting cytokine production [64] . Conversely, low concentrations of zinc may suppress monocyte function and decrease neutrophil phagocytosis [65] . Zinc may also interact with the airway epithelium [66, 67] .
A number of studies depicted the decrease in Fe level in serum of TB patients compared to the healthy subjects [68, 69] .
This decrease might be explained by increased blood loss from hemoptysis in TB patients or due to the body's defense mechanism to create an iron-scarce environment limiting Mtb growth and expansion. Boelaert et al. 2007 reported that M. tuberculosis multiplication capability inside host macrophages relies on the accessible iron [40] , therefore, the iron insufficiency found in TB cases might be because of the mycobacterial iron consumption [70] .
Although iron has been reported to play a significant role in myeloperoxidase-dependent generation of hypochlorous acid (a microbicidal factor), there is a need for caution in recommending dietary iron supplementation for TB patients because free iron is used by bacteria for replication. In a perspective study of the relationship between TB and increased dietary iron, increased dietary iron was associated with a 3.5-fold increase in estimated odds of developing active TB and a trend toward higher mortality among TB patients [39] . Thus, giving iron containing supplements to TB patients should be done with caution [71] .
Iron is a prerequirement for microbic growth, with greater levels in CF sputum possibly contribute to the propagation of bacteria [72] . The origin of this iron is blurred, with leak from the circulation being suggested, although further work is required to inspect this. Cigarette smoke has also been suggested as a potential source of airways iron [72] . Unlike Zn, and iron, appreciably higher copper levels in serum were noted in PTB patients as compared to referents (Table 5 ). This finding is comparable with those of previous studies [73, 74] .
Copper is fundamental for the continued existence of Mycobacterium and is used further in response to infection [51] . It is a significant constituent of immune system in opposition to reactive oxygen species which create in response to TB infection) [52] . Copper is a vital ingredient that enhances immunity against macrophages. It also works to counterbalance oxidative stress. In the current work, Cu was observed greater in PTB relatively in the control group. Our results were supported by other scientists and noted greater Cu levels in the study subjects [52] . The Zn and Cu are the two factors of superoxide dismutase, an enzyme accountable for the synthesis containing hydrogen peroxide. Hydrogen peroxide acts in phagocytosis. Consequently, the insufficiency of Zn and Cu reduces the production of ROS which results in an increase in infection vulnerability and infuriating TB results [51] . Low levels of zinc, which occurs in TB, prevent the entry of copper into the tissues, which leads to a high serum copper level. However, rise in the serum level of certain metals such as Cu or Cd leads to a decrease in iron absorption in the serum in line with our study [75] .
Copper is used in several important biochemical processes such as origin of red blood cells and the autoimmune response of the patient, protecting different cellular structures against the action of reactive oxygen species [57, 76] . The elevated serum levels of copper may reflect a nonspecific increase in serum concentration of copper-binding protein, ceruloplasmin. In addition, iron and copper are linked by celluloplasmin, which shows the activity of ferroxidase and is suitable for the assessment of free radical activity [25] . It has been reported that maintaining the copper balance, which includes redistribution and packaging, is key to the immune response to TB infection [25] .
High serum Cu/Zn ratio has been accounted in patients with TB. Determination of the ratio of copper / zinc is useful in diagnosing many diseases, controlling their transformation, and in reversing the nutritional status of zinc in the human body better than its content in the serum. Elevated copper/Zn ratio was reported in patients with different pathological conditions in others studies [77] .
The comparison of essential trace (Cu, Fe and Zn) in referent subjects with reported literature data is presented in Table 7 . The concentrations of zinc in scalp hair samples of referent subjects, found in present study, are comparable with Poland, Sudan, Italy, Pakistan and Syria studies [78] [79] [80] [81] [82] , whilst higher than Ahmad et al., 2011 [83] and Pasha et al., 2010studies [84] . These findings are higher than Suliburska, 2011 study [85] . The concentrations of understudied elements in blood, serum and Sputum samples of referent subjects, found in present study, are comparable with Pakistan, Nigeria, Iran, South Africa and England studies (Khan, 1995 (Herman et al. 2016) , whilst higher than Indian study [46] (Liu et al., 2007) . The concentration of copper in saliva samples of our referent subjects were found to be lower than Romania study [88] In literature, there is no any information about the use of nasal fluid in TB. It is first time probably used for analysis to found any variation in trace essential and toxic metals with respect severity of TB and any changes occur after any treatment. There is a big problem in deciding the accurate constitution of nasal fluid, which explains the reality that there is repeatedly conflict between unlike reports in literature due to unavoidable evaporation of the nasal fluid, the concentration of its components increases over time. Possibly the best assessment of the constitution of nasal fluid is from a sample of nasal fluid directly after a sneeze because this secretion is relatively large and occurs very rapidly, e.g. 0.2 ml in a few seconds (Burke, 2014) [91] .
Trace elements including iron (Fe), copper (Cu), and zinc (Zn) have significant role in many biological systems. These elements play a vital role in the protection and development of human tissues and organs. Furthermore, these elements are considered as possible key aspects in various contagious infections [83, 92] .
Various facts stated that a few transition elements facilitate immune system inhibit microorganisms such as Mycobacterium tuberculosis. The ingestion of toxic elements may lead to pulmonary TB, myocardial infarctions and atherosclerosis related disorders by rising oxidative stress caused by deficiency of an antioxidant element Zinc. Due to the lack of essential nutrients particularly the elements, and homeostatic management or an additional ingestion of various toxic metals may cause chronic illnesses such as hypertension, TB, and cardiovascular disease [93] .
Biologically active trace minerals (biotic agents) are essential key factors in a wide range of individual and bacterial enzymes; however, the consistent guideline for their bioavailability is necessary to avoid contamination [94] [95] [96] . Some previous studies in chronic bronchitis patients have confirmed higher concentrations of copper in the airway secretions and assumed this mineral may mask the severity of infection. High concentration of copper in the bronchial secretions and assume that copper may manipulate the intensity of infection. The analysis of levels of the elements Fe, Cu, Zn and Cu/Zn may help the studies on the development of TB disease. The enhancement or reduction in the levels of these elements may be linked with typical symptoms of TB [84] .
Conclusion
Tuberculosis bacillus (TB) is a contagious bacterial disease caused by different types of mycobacterium in humans. When the infection is infected with lung fever, it is called "pulmonary TB". While the infection affects other parts of the body, it is called pulmonary TB. "Patients usually complain of constitutional symptoms (fever, night sweat, weight loss) and local features related to the site of disease. A patient with both pulmonary and extra-pulmonary TB should be classified as a case of pulmonary TB.
The studied elements (Zn, Fe, Cu) were evaluated in scalp hair, whole blood, serum, saliva, sputum and nasal fluid samples of TB patients and referents of age group (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) years of both genders along with smoking habit. The concentration of Zn, and Fe, were higher in all the biological samples of non-smokers TB patients as compared to smokers. Compared to the control group, the concentrations of Zn and Fe were significantly lower in TB patients; the decrease in zinc, and Iron in biological samples of patients with TB was possibly persuaded by inflammatory processes contained in these patients. However, the concentration of Cu was considerably greater in all biological samples of TB patients. Cu/Zn ratio was also considerably greater in all Table 7 Comparison of available studies in concentrations of trace elements in biological samples of non exposed healthy participants of different countries. biological samples of TB patients as compared to the control group. The analysis of levels of the elements Fe, Cu, Zn and Cu/Zn may help the studies on the development of TB disease. The enhancement or reduction in the levels of these elements may be linked with typical symptoms of TB. Therefore, measurements of trace elements can be used as a tool to assess susceptibility to infection and to signal stage of the inflammatory response.
With evidences obtained from the present study and knowledge acquired, we suggest in future referring this work for evaluation of trace level of other toxic elements that should be followed up and synchronized for general public. Future research is required to determine these trace element levels influence on clinical outcomes and to set up whether routinely providing supplements will result in improved TB treatment outcomes and/or life quality. Smoking habit must be discouraged at every public forum to provide awareness among the public about the association of smoking and higher risk of Pulmonary TB. Awareness programs must be introduced to spread the knowledge about adverse effects of tobacco smoking and their correlations with higher metal intake, through electronic and print media.
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